The scattering of charmed mesons on nucleons is investigated within a chiral quark model inspired on the QCD Hamiltonian in Coulomb gauge. The microscopic model incorporates a longitudinal Coulomb confining interaction derived from a self-consistent quasi-particle approximation to the QCD vacuum, and a traverse hyperfine interaction motivated from lattice simulations of QCD in Coulomb gauge. From the microscopic interactions at the quark level, effective meson-baryon interactions are derived using a mapping formalism that leads to quark-Born diagrams. As an application, the total cross-section of heavy-light D-mesons scattering on nucleons is estimated.
I. INTRODUCTION
The study of the interactions of charmed hadrons with normal hadrons is of interest in several instances. One example refers to experiments of relativistic heavy ion collisions (RHIC). Since the early suggestion of Matsui and Satz [1] that the suppression of J/Ψ production in RHIC could provide a signature of quark-gluon deconfinement, the importance of charmonium interaction with normal nuclear matter hadrons has attracted much attention [2] . Another example is the understanding and identification of the effective degrees of freedom that are responsible for dynamical chiral symmetry breaking an the confinement of quarks and gluons in hadrons. Heavy-light mesons, like the D-mesons, are sometimes considered as the hydrogen atom of QCD. This is so because the charm quark c is much heavier that the light u and d quarks, and to a good approximation these mesons can be described as one-body bound states. Moreover, since the properties of u and d quarks are determined by the dynamical breaking of chiral symmetry, the interaction of these quarks with a heavy color source, as the c quark, can provide valuable information on the properties of the QCD interaction at the confinement regime. Also, recent results for J/Ψ dissociation cross sections obtained using SU(4) symmetric meson-exchange models [3] indicate that these models provide cross sections that are one order of magnitude smaller than those calculated using quark models [2] . This is an important issue, the reasons for such discrepancies should be understood.
In the present communication we report on a ongoing study of the interaction of charmed D-mesons on nucleons using a microscopic quark model inspired on the Hamiltonian of QCD in the Coulomb gauge. Specifically, the microscopic model incorporates a longitudinal Coulomb confining interaction derived from a self-consistent quasi-particle approximation to the QCD vacuum [4] , and a traverse hyperfine interaction motivated from lattice simulations of QCD in Coulomb gauge [5] . Given the microscopic quark Hamiltonian, we solve a gap equation for the constituent quark mass function and obtain the bound states of D mesons and of nucleons. This is done by using a low-energy approximation of the full Bethe-Salpeter bound-state kernels and using an ansatz for the Fock-space meson amplitudes. Once the bound-state amplitudes of the mesons and the nucleons are obtained, we employ the Fock-Tani mapping formalism [6] of Refs. [7] [8] [9] to obtain an effective meson-nucleon Hamiltonian describing quark interchange between the mesons and baryons. This approach gives equivalent results as the quark-Born diagram formalism of Barnes and Swanson [10] . As an illustration of the formalism, we calculate the total cross section for the process p +D 0 → p +D 0 . We also calculate the same cross section using as microscopic interaction the hyperfine component of one-gluon-exchange, which is traditionally used in the context of nonrelativistc quark models.
The paper is organized as follows. In the next Section we discuss the microscopic quark model based on the Hamiltonian in Coulomb gauge QCD, and obtain the gap equation that gives the constituent quark mass function. In Section III we use obtain the effective meson-baryon interaction using a low energy approximation of the interaction. Numerical results are presented in Section IV and our Conclusions and Perspectives are presented in Section V.
II. THE MICROSCOPIC QUARK MODEL
The model Hamiltonian we use is given by [11] 
with
In these expressions, ψ(x) is the quark field operator (with color and flavor indices suppressed) and m 0 = m u , m d , · · · is the current quark mass matrix. In addition, the quark charge and current densities ρ a (x) and J a (x) are given by
where
, with λ a the SU(3) Gell-Mann matrices. The Coulomb and transverse potentials V and U will be discussed in Section IV.
One can approximately diagonalize the effective quark Hamiltonian using a BCS treatment for quark field operators. One way to implement this is as follows. Initially one expands the quark field operators as
where q s (k) andq s (k) are creation and annihilation operators, and
and χ s is a Pauli spinor. Next, one substitutes this into the Hamiltonian and uses Wick contraction techniques so that it can be rewritten as
where H 0 is a c-number and H 2 (H 4 ) contains normal ordered terms with products of two (four) creation and/or annihilation operators. The last step consists in demanding that H 2 is in diagonal form. This implies that M k must satisfy the following gap equation
In addition, one finds that H 2 is given as
Numerical solutions of the gap equation will be presented in Section IV. In the next Section, we discuss the derivation of an effective meson-baryon interaction.
III. THE EFFECTIVE MESON-BARYON INTERACTION
The effective meson-baryon interaction will depend on the microscopic quark Hamiltonian H 4 and the bound-state amplitudes of the mesons and baryons [7] [8] [9] [10] . For heavy-light mesons and baryons, one can write the corresponding Fockspace states as follows [12] . For a one-meson state one can write,
where Φ is the Fock-space amplitude, with α indicating all quantum numbers necessary to specify the meson state, like c.m. momentum, spin and flavor, and µ, ν indicate the corresponding quantum numbers of the quarks and antiquarks -a sum or integral over repeated indices is implied. The state |0 is the constituent-quark, chirally-broken vacuum state, i.e. the state annihilated by the constituent quark and antiquark annihilation operators q andq. For a one-baryon state, one can write
where Ψ is the Fock-space amplitude, and α, µ, ν, σ have the same meaning as for the meson state. To simplify notation, we write the relevant piece of H 4 in the form
where V, · · · contain products of the Dirac spinors and the interactions V and U. In this paper we consider only quark interchange processes, i.e. those that do not involve valenceannihilation processes like p +D 0 → p +D 0 , n +D 0 → p + D − , etc. In Fig. 1 we present a pictorial representation of such quark interchange processes. In these graphs, the exchanged quarks are always the light u and d quarks, the c antiquarks are not interchanged with the light quarks of the baryons. The Fock-Tani mapping procedure leads to the following expression for the effective DN interaction
In order to get insight into the problem and avoid massive numerical evaluation of multidimensional integrals, we use a low-energy expansion for H 4 
one can easily show that the quark spinors u and v can be written for small k as
Replacing these into Eq. (19), one obtains a Hamiltonian that is like the Breit Hamiltonian of QED. The different pieces of the Hamiltonian contain momentum-dependent and -independent central interactions, spin-spin, spin-orbit, and tensor interactions. The momentum dependence of the amplitudes Φ and Ψ in momentum space with width parameters β and α are taken as
, and
Given these, the general expression for the effective DN interaction is given as
where each term in the sum corresponds to a graph in Fig. 1 given as
where the ω i come from summing over quark color-spinflavor quantum numbers and their values depend on spin structure of the microscopic quark interactions (see below), and the a i , b i , · · · , can be written as a ratio
The corresponding expressions are given as follows:
Graph (1):
Graph (2):
Graph (3):
Graph (4):
In these, g = α 2 /β 2 and ρ = M u /M c .
IV. NUMERICAL RESULTS
Initially we solve the gap equation, Eq. (10). For the Coulomb part of the interaction, V , we employ the expression derived in Ref. [4] , which uses a quasi-particle self-consistent treatment of the gluonic vacuum -see also Ref. [13] . The numerical solution of the quasi-particle gap equation leads to an expression for V that can be parametrized in momentum space as
where m g is a free parameter that comes from renormalization and sets the scale of the theory. In Ref. [4] , m g was fitted to the ground state static potential of heavy quarks. The value extracted was m g = 600 MeV. For U(q), we the potential for the interaction of transverse gluons in momentum space, we use the following expression extracted from a fit of a lattice simulation of QCD in the Coulomb gauge [5] 
where m G is the Gribov mass. This is motivated by the Gribov ansatz [14] that the equal-time correlation function of transverse gluon fields D tr i j (q) should vanish at q = 0. The value quoted in Ref. [5] for m G , using the string tension as scale √ σ = 440 MeV to fix the lattice spacing in physical units,
For discussions on the solution of the gap equation for a confining interaction like in Eq. (35), see Refs. [15, 16] . Using the value of Ref. [4] for m g , one obtains that the solution of the gap equation gives a too small value for the quark condensate, of the order of= (−100 MeV) 3 . Now, adding the transverse-gluon interaction, H T , with U given by the lattice form, and using m g = m G , one obtains a quark condensate close to the physical value. The improvement in the value of quark condensate with the addition of a transverse part has also been found in Ref. [11] . Our results for the constituent quark mass function M k -normalized to M = M k=0 -for different values of the current quark mass m 0 is shown in Fig. 2 as a function of the momentum scaled to m g . The same interaction was used to study the baryon density dependence of the quark condensate [16] , with the result that the chiral restoration comes out at a too low density.
In this paper we concentrate on the elastic process p+D 0 → p +D 0 -the other quark-interchange processes will be discussed in a separate publication. In terms of color-spin-flavor matrix elements, this quark-interchange process is equivalent to the elastic process K + p, discussed in Ref. [17] . The most important contributions of H 4 to this channel come from the momentum dependent central and spin-spin (proportional to S 1 ·S 2 ) components, for which
where M = M u = M d for graphs (1) and (3), and M = M c for graphs (2) and (4). The corresponding color-spin-flavor coefficients ω i for these interactions are shown in Table I . We compare results with the traditional one-gluon exchange (OGE) interaction, for which the spin-spin component is given by
where α s is the strong coupling constant. The expression of the total cross section is given by
where the Mandelstam s and t can be easily related to the momenta p and p in the c.m. system.
Our results are shown in Fig. 3 ,. In this figure we show the prediction using the Coulomb-gauge quark model, together with the corresponding result using the interaction of Eq. One sees that the Coulomb-gauge quark model predicts larger values for the cross sections than the hyperfine OGE interaction. One reason for this is that the hyperfine interactions for two of the graphs in Fig. 1 , come with the mass of the charm quark in the denominator, which reduces a lot the interaction at low energies. Including the Coulomb part of the OGE interaction, increases the cross section and becomes comparable to the Coulomb-gauge quark model.
V. CONCLUSIONS AND PERSPECTIVES
In this paper we have introduced a method to calculate meson-baryon interactions in the context of a microscopic quark model inspired on the Hamiltonian of QCD in the Coulomb gauge. We used the elastic process p +D 0 → p +D 0 to illustrate the procedure, obtaining corresponding numerical values for the total cross section. The model contains a longitudinal Coulomb confining interaction derived from a self-consistent quasi-particle approximation to the QCD vacuum [4] , and a traverse hyperfine interaction motivated from lattice simulations of QCD in Coulomb gauge [5] . The model is confining and realizes the spontaneous breaking of chiral symmetry. We have also compared results using the hyperfine component of the traditional OGE interaction, commonly used in the context of nonrelativistic quark models. We predict values above 10 mb for total cross sections close to threshold. The Coulomb-gauge quark model predicts larger values for the cross sections than the hyperfine OGE interaction, since the hyperfine interactions are suppressed by the large charm quark mass in the denominator for two quarkinterchange graphs.
Our model can be improved in several respects. One direction is to use a variational estimate for the parameters α and β optimizing the masses of the mesons and baryons. Another improvement is to avoid the expansion of the constituent quark mass function in powers of momentum, at the cost of increasing substantially the computational complexity.
